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Despite the research that has already been carried out
on the subject of immunity there still remains much to
be explained in regard to the methods by which
multicellular organisms guard themselves against the
attacks of pathogenic bacteria. In the first place,as
Bordet (l92(/ ) has pointed out,the actual penetration .<
of the integument is no easy matter: the hardness of
the Skin,the activity of ciliated epithelium, the
secretion of acid in the stomach, the peristalsis of
the intestine all help to protect the animal. When
once bacteria have penetrated the tissues, two other
mechanisms of defence come into play in the phagocytic
Cl>
activities of certain cells and the bacterial powers
of the serum. Both phagocytosis and the immune
reactions of the serum have received considerable stud
but at present the factors which influence the pene¬
trability of the skin and mucous membranes are prati*
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factors from the experimental point of view is
obviously a matter of considerable difficulty: it may
quite well be that bacteria are constantly penetrating
the tissues in small numbers, only to be destroyed by
the phagocytes of the body. Such invasions being on
so slight a scale would give rise to no local or
general.symptoms and would thus pass unheeded.
From the clinical point of view it has long been
recognised:that the natural immunity of a particular am
micro-organism might be influenced by such factors as
an insufficiency of food, exposure to cold or another
bacterial infection.
The investigations herein described foam part of an
.
extensive enquiry,which is at present being undertaken,
on the relationship of diet to immunity. The following
experiments deal more particularly with the relation-
ship of bacterial infection to diets deficient in those
little known substances, the vitamins. The
experiments were all carried out in the Hesearch
laboratory of the Boyal College of Physicians' of
iidinburgh, to whom and to Col. McKendriok, Superintendent
of the laboratory, my sincere thanks are due. For the
investigation of vitamin C, the experimental animals
!
used were guinea-pigs; in the case of vitamin B, rats
and pigeons were employed, while in the case of vitamin
A, rats alone were used. The investigations have
consisted partly of a detailed examination of the bloodI
and haemopoietio oigan/s of animals suffering from
deficiency/
s
deficiency diseases, partly of a bacteriological
examination of the actual degree of resistance
possessed by such animals.
1. DEFICIENCY IN VITAMIN C.
and
BACTEHIAL INFECTION.
(a) Experimental Scurvy in the Guinea-pig.
Theobald Smith (18954) was the first to show that
guinea-pigs, when fed on a diet of oats and bran,
developed a disease characterised by extensive
haemorrhages. The relationship of this haemorrhagic
condition to scurvy was, however, only established
definitely by Hoist and Frolich (1907**). The original
diet used by these observers consisted of oats, bran
and hay. Chick and Hume (1917^) however found that
the addition of a daily ration of 70 o.cs of milk to
this diet improved the condition of the experimental
animals, although it did not delay the onset of the
soorbutio symptoms. They believed that the improved
nutrition of the animals was due to the vitamin A
contained in the milk. Some doubt, however, has
recently been thrown on this conception by the fact that
as Stammers (192lf) points out bran contains a considerable
amount of vitamin A. Another possible explanation of
«
the improved nourishment after the addition of the milk
might of course be the increased salt ration. In orde
1;o determine this point the following experiment was
carried/
carried out:-
Four young guinea-pigs varying in weight from
to 32.$ grs. were placed on an ad libitum diet of
oats and bran with the daily addition of 5 c.os of
orange juice and 70 o.os of autoolaved milk. Four
other guinea-pigs of about the same weight were placed
on a similar diet without the ration of 70 c.os of miljc,
grs.
but with the addition of 0.7/a day of the following
salt mixture -
Salt mixture corresponding to the
salts in 100 grams of Gow's
milk.
NaGF 10.62.
XGF. ...... • • 9.16.
KHiPO#«.... • • 12.77.
XjHPO/f. • •. • • • 9.22.
X3Citrate.. • • 5.47.
MgHPO 4 .••• • • 2.71.
MgCitrate.. • • 4.05.
GaHPO4....• • • 7.42.
Ga^(PO /f)x.. • • 8.90.




The average weight curves of the two groups of animals
are showi in chart 1, from which it will be seen that
the growth of the animals on the salt mixture is only
slightly inferior to that of the animals receiving the
milk ration. There is, however, a difference in favour
of the latter group of animals so that doubtless the
high ration of vitamin A does to a certain extent










is necessary for the adequate growth of guinea-pigs as
is daown hy the following experiments.
Six guinea-pigs varying in weight from 259 grs. to
386 grs. were placed on a diet of oatmeal and hran,
which had been extracted first with ether, then with
absolute alcohol and finally autoclaved at 120*0 for
twenty-four hours. In addition each animal r eceived
a daily ration of 5 o.os of orange Juice and 0»7 grs.
of the inorganic salt mixture. The weight curves are
3hown in chart;11: it will be seen that there was
praotically no growth, while death occurred in an
average of 38 days. For all practical pujposes the
diet of oats, bran and autoclaved milk may therefore
be looked upon as complete in every way except as
regards the absenoe o-f vitamin 0. On microscopical
examination of the costo-ohondral Junctions, there was
marked osteo-porosis of the bones with reduction in the
length of the rows of cartilage cells. These
experiments tend to confirm the findings described by
Tozer (1921S) as occurring in guinea-pigs fed on a diet
deficient in vitamin A. When placed on such a dietpf oahs, bran * milk,
guinea-pigs at first show no symptoms. About the
tjwelfth to fifteenth day, however, there is usually some
tenderness at the knee Joints, which in a short time
become definitely swollen. There is also not
infrequently pain in the masseter muscles, when the
animal may assume what has been aptly termed the face-
ache/
6
ache position. In other cases the animal lies with
one hind leg fully extended. A day or two before
death the coat becomes ragged and staring, while a
terminal diarrhoea is not uncommon. Finally the
animal passes into a semi-comatose condition which
eventually ends in death, this usually takes place
from the twenty-fifth to the thirty-fifth day, though
some animals manage to survive for a somewhat longer
period. For the first fortnight there is usually
no loss of body weight, in faot in not a few animals
a slight increase in weight may occur. During the la
two or three days of life, however, a definite loss of
weight does ooour, probably because during this period
the animal eats little or no food. The loss of
weight at death generally amounts to about a third of
the original body weight. Bacterial infection is not
very common in guinea-pigs with acute scurvy. m
twenty-four animals suffering from acute scurvy, the
heart blood was sterile in all except one from which a
small gram positive diplocoocus was isolated.
The post mortem appearances in acute guinea-pig scurvy
are very oharteristic. The knee and wrist joints
are definitely swollen, while recent haemorrhages into
the surrounding muscles are almost always seen.
Haemorrhages are also not infrequently found in the
loose tissues of the axillae as well as in the
interoostal and mas seter musarles. Acute sourvy in
the guinea-pig differs in one respeot from that met
with/
st
with in man in that the gums do not show any gross
maorosoopic lesions. Oooasionally there is slight
hyperaemia round the bases of the two lower incisors,
but the gums never assume the spongy condition so
characteristic of human scurvy. This condition would
appear to be largely due to a secondary bacterial
infection of the gums. The costo-ohondral junctions
are always definitely enlarged. This enlargement is
least marked in the upper and floating ribs: it is
best seen on opening the thorax and examining the inner
surface of the thoracic wall. Small subperiosteal
haemorrhages are not infrequently found in relation to
the ribs, while spontaneous fractures are very common
both in the ribs and long bones. Even more common
than actual fractures are separation of epiphyses,
more especially the epiphysis at the upper end of the
tibia. Small haemorrhages into the pericardium and
leura are occasionally met with as are peteochial
aemorrhages in the peritoneum and intestine. There
is no atrophy of the spleen, thymus or lymphoid tissue.
The adrenals are always definitely enlarged, usually
a
"o almost double their normal size,/fact first pointed
<!>ut by Bondoni and Morganini (1915^), while McCarrison
(1919*1 has found that their adrenalin content is
usually increased. Apart from the microscopic changes
m the blood and blood-forming organs lesions have been




Zilva and Wells (1919^) have described marked fibroid
degeneration of the tooth pulp, involving cells, nerves
blood vessels and odontoblasts with the result that no
traoe of cellular organisation, no trace of cell nuclei
and no interstitial substance can be found. It is of
especial# interest to note that these ohanges are well
marked even when other signs of scurvy are almost
wanting.
the ohanges in the bones are especially well seen at
the oosto-ohondral junctions, where the rows of
sartilage cells are shortened or entirely d is organised:,j
while the trabeculae are dwarfed or have almost
disappeared. The changes in the bones were very
accurately described by Hoist and Frolich (1907*) in
their olassisal work on guinea-pig scurvy, while more
recently they have been closely investigated by Helf
and Tozer (191E^).
The changes in the capillary wall/are of extreme
r\
interest. Findlay (1921") found that about ten days
after placing the animals on a scorbutic diet the
endothelial cells became swollen and granular. This
?tas later associated with extreme capillary congestion,
with ^rery fine degree of oedema and finally with the
passage of red blood corpuscles from the capillaries
by a process of diapedesis.
In order to protect completely a guinea-pig from scurvy
of
a daily dose/at least 5 o.cs of orange juice must be
apLded/
added to the oats, bran, milk diet. When a smaller
quantity, suoh as 2 c.os, is given every third day the
animal passes into a condition of chronic scurvy.
From the clinical point of vias the spymptoms to be
*
noted in animals with chronic scurvy are practically
non-existent. Close observation, however, shows that
the animals are less active than usual and in addition
thpy fail to put on weight. Slither their weight
remains practically stationary, or it slowly decreases
Guinea-pigs may be maintained in tiiis condition of
ohronio scurvy for many weeks at a time. m its
absence of definite clinical symptoms, chronic scurvy
in the gajnea-pig is thus not unlike the form of laten"
scurvy described by Hess (1917a)in children in whom
there are no definite clinical symptoms except failure
of growth and some indefinite malaise. Svenhtally
guinea-pigs fed on this didt deficient in vitamin C
die, usually from some intercurrent bacterial infection
Hess (19213) states that many of his scorbutic animals
iied from broncho-pneumonia. He does not, however,
3tate the exact diet on which his animals were fed;at>»m
since in my experience broncho-pneumonia is common
MS&91 as a fatal terrain at ion^Ln animals,-guinea-pigs
and rats-suffering from a lack of vitamin A in the food
either alone or in addition to a deficiency of vitamin
Thus of the six guinea-pigs fed on the autoolaved and
extracted oats and £fan only one developed ^eratomalaoi
in/
10
in one eye, while four showed branoho-pheumonic
changes in the lung.
When uninfected guinea-pigs are killed after six weeks
on a diet of oats, bran,milk and 2 o.os of orange juice
every third day, the macroscopic appearances are far
from striking. There is only slight, if any,
swelling of the knee and wrist joints, while the
enlargement of the oosto-ohondral junctions is usually
less marked than in the acute condition. Fractures
united only by a little poorly formed callus are by
no means rare, while recent fractures, possibly made
while handling the body after death are very common.
Macroscopic haemorrhages are very rhrely seen, while
the adrenal is not nearly so congested or enlarged
as in the acute stagepjtfTe disease.
Microscopically the bones in many cases show some
osteoporosis, while the osseous laminae are thin and
reduced in number. The alterations in the intermediate
cartilages are very characteristic, especially at the
oosto-chondral junctions. The rows of cartilage cellf
are much shortened, but do not as a rule show much
distortion, while an ossified band extends across the
10
junction. helf and Tozer £1918) regard this ossified
bar as an attempt to strengthen the junction in an
abnormal manner.
In the vascular system the congestion of the smaller
venules and capillaries is not as marked a feature as
in acute scurvy. Examination of the capillary
endothelium/
endothelium shows that at many points the oells are
swollen and laden with haemosiderin granules. A
few recent haemorrhagio foci can occasionally be found
in the lungs,
(b) The Blood and Haemopoietio organs in Guinea-Pig
Sourvy.
(1) The Blood. Numerous investigators have at various
times examined the blood in normal guinea-pigs.
A summary of the main findings in the blood is given
in Table J -
-Rble I. r
3loop CELLS IN txWNEfl-PIGS.


















































In the guinea-pig, as in many other small rodents The'
lymphocyte series of oells is more numerous than in
man. The polymorphonuclear leucocytes also instead
of having neutrophil granules have numerous small
granular masses, which with modifications of the
Bomanowsky stain take on a definite pink colour.
These polymorphonuclear oells are, however, quite
distinct from the coarsely granular eosinophils.
They/
They are functionally identical with the neutrophils
llj,
in man. Goodall (1910) has shown that there is a
definite relation between the number of leucocytes and
the weight of the animal, the heavier the guinea-pig
the greater the number of leucocytes. In certain of
the mononuclear cells cell-inclusions, known as Kurlof
bodies are not infrequently seen. The significance of
ip
these bodies is quite unknown, though Woodcock (1921)
has recently suggested that they are the remains of
phagocyte^, red cells which have been incompletely
digested.
In acute scurvy there is little or no reduction in the
number of red cells in the blood; in fact if blood
from the peripheral vessels alone be examined there may
in some instances be an apparent increase in the red
cell count - a result due in all probability to the
capillary stasis, which may occur in acute scurvy.
IS
Bedson (1921) found that the number of red cells varied
fromJt-,1^-0,000 to4^k/>eoper o.mm while Findlay (1921) noted
a, variation of from 4,600,000 to 5,120,000 per e.mm,
a
the average being 4,950,000 -/figure practically
identicalAthe average count from controls. A certain
^umber of the erythrocytes showed polyehromatophilia
And poikilocytosis, while occasionally normoblasts
were noted in the peripheral circulation.
IS
Bedson (1921) could not determine any diminution in the
number of the blood platelets, a result of considerable




No characteristic change could he noted either in the
total number or in the differential count of the
leucocytes. In a few instances there was a definite
1 eucocytosis? which was possibly produced by the
haemorrhage, accompanied by the presence of lymphoidocyte
like cells in the peripheral blood stream. These
primitive cells were most noticeable in one case where
the leuoooytosis amounted to 22,000 per o.mm.
Practically no observations have been made on the blooo
In guinea-pigs suffering from chronic sourvy. An
analysis of the blood findings in twelve oases of
Chronio guinea-pig sourvy are shown in Table II.
TA&LE X.









































































































































325'4 4,420,000 / •• 48 8,001. 47- '"4. o-s. 44. V-g-
It will be seen that in some instances there was a
slight reduction in the number of red blood corpuscles
though the average red count was 4,600,000 per o.mm.
Polyohromatophilia and nucleated reds were less oommoh
than in the acute stage. Estimations of the blood
platelets, using the method described by Bedson (1922)
showed no reduction in the proportion of platelets
to red cells.
There is a very slight reduction in the number of
leuoooytes as compared with animals of similar weight
while in comparison with guinea-pigs of the same age,
which have lived on a full diet and have therefore
shown a definite increase in weight,the leucopeaia is
more pronounced. The differential leucocyte count
shows practically no deviation from the normal, thus
differing from the blood findings in infantile scurvy,
10
in which according to Hess and Fish (1914) there is
usually a relative lymphocytosis.
11. The bone marrow. A detailed description of the
bone marrow in healthy guinea-pigs is hardly necessary
at the present time. It should, however, be
remembered that in the guinea-pig the marrow of the
long bones is almost entirely haemopoietic, since it
contains only a very little fatty tissue. The
proportion of fat to haematopoietic tissue is seen in
Fig 1, where the various members of the leuooblastio
and erythroblastic series of cells can be seen lying
in a meshwork of connective tissue fibrils and
branched/
"branched, reticular cells. Small capillaries lined
by definite endothelial cells a.re noticeable at certain
points, while a conspicuous feature is the large
number of giant cells. Definite changes occur in
the bone marrow in acute scurvy. fhe marrow at the
diaphyses loses its normal cellular appearance; the
haemopoietio oells disappear and are gradually
replaced by a more or less gelatinous material through
which run a few strands of fibrous tissue. Small
collections of red oells or of freshly formed blood
pigment may be found scattered throughout this area,
which constitutes the frame-work marrow or
"Geruestmark", first described by schoedel and
2.1
Nauwerk (1900). When fractures occur near the
extremities of the long bones, or when the
epiphysis becomes separated from the diaphysis, there
is often a very considerable formation at* rather
dense fibrous tissue. In the more central part of
the marrow the most noticeable feature is the extreme
degree of congestion (see Pig.2); the blood sinuses
are closely packed with fully formed erythrocytes,
while outside the actual sinuses are found masses of
red oells, either of quite normal aspect or apparently
in process of breaking down into granuHar pigment.
In certain areas there seems to be an increased
formation of normoblasts, but on the whole the
erythroblastic reaction is very slight. In a few
c&ses there is a slight myelocytic reaction,though
here/;:.
here again the response is much less marked than in
oases of simple haemorrhage, probably cwing to the
intense congestion and haemorrhage into the marrow.
2J.
Carnegie Dickson (1908) points out that in acute
septicaemias the occurence of haemorrhage into the
bone marrow is one of the most important factors
leading to an imperfect reaction 04 the part of the-
leuooblastio cells.
Degenerative changes were noticeable in the
haemopoietio cells situated in the frame-work
marrow, but in the shafts of the long bones there waS
no actual degeneration either in the leucoblastic
cells or in the megakaryocytes. Shis latter fact
is of interest in connection with the failure to
demonstrate a diminution in the number of blood
platelets in scyrvy. In chronic scurvy .the bone
marrow does not present the same congested
appearance as in the acute form. The frame-work
marrow is still present, but instead of being
restricted to a narrow layer in close relation to
the diaphysis there is a tendency for areas of
gel/atinous degeneration to be found replacing the
haemopoietio tissue through the marrow. These areas
of gelatinous degeneration consist of a homogeneous
interstitial ground substance in which are found a
few fibrous tissue elements together, in many areas,
with a certain amount of blood pigment, which in all
probability/
probability indicates that these gelatinous areas are
formed at the site of haemorrhages of some standing.
As a rule the gelatinous degeneration is more marked
the longer the animal has survived on a scurvy-producing
diet. In a few instances there was noted in the
marrow somewhat extensive areas of hyaline change in which
the ground substance appeared entirely homogeneous,
while the number, both of leuooblastio and erythroblastic
cells, was greatly reduced. This appearance is
indicated in FigS 111. It seems possible that this
hyaline change is merely a later stage of the
gelatinous degeneration in which the fibrous reticulum,
which even in the normal guinea-pig is very delicate,
has entirely disappeared. The occurrence of these
changes in the bone marrow is somewhat akin to the
<\
fibrosis which was described by Zilva and Wells (1919)
in
in the tooth pulp §dS scurvy. Apart from the
reduction in numbers there was no definite retrogressive
change in the haemopoietic cells
111. The lymphoid tissue. little need be said in
regard to the appearances of the lymphoid tissue in
scurvy. In the acute stage the spleen usually shows
extreme congestion. The splenic sinuses are packed
^ith red cells many of which are being actively
phagocytosed by the endothelial cells. Occasionally
Small haemorrhages may be found in the spleen, more
especially beneath the capsule. In the chronic stage
there is far less congestion in the spleen; active
phagocytosis/
phagocytosis still continues, while a good deal of
blood pigment,for the most part haemosiderin,is found
both intra* and extra-oellularly. There is no atrophy
of the spleen either in the acute or chronic farm of
scurvy. Atrophy of the lymph glands, thymus and
lymphatic tissue of the intestine is also conspicuous
by its absence. This is of interest as showing that
there is little real connection between the
pathology of deficiencies due to vitamin 0 and those
due to vitamin B. Yi/hen animals are fed on diets
deficient in vitamin B there is always noted a marked
atrophy of the lymphoid tissues throughout the body
together with a reduction in the number of the
lymphocytes in the peripheral blood stream.
Haemorrhages into the lymph glands and thymus are
practically never seen in scurvy.
SUMMARY.
When vitamin G is entirely removed from the guinea-
pig's diet the animal dies in a few weeks from acute
scurvy. Y/hen vitamin G is given in subminimal
amounts the animal ceases to grow and after a
considerable period dies, usually as the result of an
intercurrent infection. After death, the pathological
changes characteristic at chronic scurvy can be noted.
There are no definite blood changes either in acute
or chronic scurvy. In thehaemopoietio organs there i£>
no atrophy of the lymphoid tissue. The bone-marrow in
the/
19.
the aoute stage shears haemorrhagic congestion, in the
chronic stage gelatinous and hyaline degeneration.
(b) Baoterial Infection in Sourvy.
The belief that sourvy was a spepifio baoterial
infection was quite commonly held until with a few
years ago, more especially in Kussia. This theory
was based on the well known association of scurvy with
plague, pestilence and famine and on the frequency with
which organisms can be isolated from the blood of
patients suffering from scurvy. In the case of
experimental scurvy there have not been wanting those
23
who like Jackson and Moore (1916) have upheld the
infective theory on the grounds that they have been
able to isolate a small diplococcus from the tissue of
scoroutio guinea-pigs. On inoculating this organism
into rabbits living under ordinary conditions, Jackson
21*.
and Moody (1916) produced haemorrhagic and other
lesions in the bones, joints, gums and muscles, which
they considered to be similar to scurvy. Some doubt,
however, has been thrown on this work since adult
rabbits do not develop sourvy even when fed for months
jn a diet deficient in vitamin G. Since it has been
conclusively shown that scurvy can be produced at will
;.n the guinea-pig by the removal of a definite factor
the bo^herial IKieortj bas or (Pc- jxxit been abandoned,
from the &iet^ the more so as the universal experience
6f all those who have kept animals on deficient diets
has/
has shown that they readily succumb to bacterial
infections while control animals on complete diets
do not die from these infections.
Despite the frequency of epidemics of infections
disease among small laboratory animals it was only
comparatively recently that the relationship of
these epidemics to inadequate diet was demonstrated
25
by Theobald Smith (1912). This observer found that
epidemics of pneumonia due to the pneumooooous and
bacillus bronohiseptious were very common in guinea-
pigs during the winter months wheh the diet was
deficient in green food, while in summer, when excess
of fresh food was pro\!ded^no oases of pneumonia
occurred.
Up to the present comparatively few attempts have
been made to determine the cause of this liability to
terminal bacterial infections. Hektoen (1914)
observed a normal formation of antibodies on artificia
x7
diet while later Zilva (1919) examined the formation
of agglutinins, immune body and complement in rats
and guinea-pigs fed on diets poor in vitamins. He
could determine no diminution in the power to produce
these substances.
In addition to the deficiency diseases^numerous other
conditions such as the anaemias and especially chronic
bacterial infections render the tissues more liable to
the attacks of relatively non-virulent organisms. m
fact so common are these terminal infections that as
Osier/
Osier has expressed it "persons rarely die of the
diseases with which they suffer". Some years ago
it
Flexner (1896) studied the question of terminal
infections with staphylococci in human beings
suffering from chronic bacterial infection. He
thought that, at least in a few cases, he could detec
a slight decrease in the bactericidal actions of the
human serum against staphylococci. fhe accuracy of
these findings was however rendered doubtful by
Windsor and Wright (1902) who showed that human blood
serum has practically no bactericidal action against
30
staphylococci. Tunnioliff (1912) investigated the
opsonic index during the leuoopenia of measles. He
found that there was a slight decrease in the index
for streptococci, staphylococci and tubercle bacilli.
3i
Bartlett and Ozaki (1917) injected a dog with a
massive dose of bacillus ooli and five hours later
with a quantity of staphylococci. There was no
decrease in the opsonic index for staphylococcus.
3Z
Quite recently Gross X>1921) has investigated the
question of the opsonic index in relation to terminal
infections. He was unable to determine any decrease
in activity against any bacteria not concerned in the
primary infection even in the very last stages of
fatal infection. In those cases where the natural
immunity is lowered by a primary bacterial infection
there is thus little evidence of any loss in opsonic
activity. As the opsonic activity of the serum in
animals/
22.
animals fed on deficient diets does not appear to
have been investigated^experiments were carried out
to determine whether there was any reduction in the
opsonic activity as the result of a diet deficient in
vitamin G.
Technique.
Four guinea-pigs were placed on'an ad libitum diet off
oats, bran and 70 o.cs of autoclaved milk per diem with
with the addition of £ o.cs of orange juice every tW
tifatod day. Four controls were placed on the same
basal diet but with the addition of 10 c.os of orange
juice every day. Estimations were carried out
with two organisms bacillus ooli and staphylococcus
aureus. Headings were made at the beginning of the
experiment and at weekly intervals for the next six
weeks. 0.5 o.cs of blood was removed from the heart
of each animal, the sera from the controls and the
scorbutics being each pooled before use. The
opsonic technique used was essentially that recommended
by Wright. One hundred polymorphonuclear leucocytes
were examined on each slide and notes were taken of the
number of leucocytes containing bacteria and of the
total number of bacteria phagooytosed. The average
number of bacteria per polymorphonuclear leucocyte has
been termed the phagocytic index. The results are
summarised in Table 111.
TAbLE HE.














































































































































































These observations though they require extending over
a larger series of animals and a greater number of
baoterial species nevertheless do not indicate any
reduction in the opsonic power of the serum as the
result of a diet deficient in vitamin 0. They thus
tend srill further to strengthen the evidence in
33
support of the view first expressed by Bordet (1909)
that the phagocytic activity of the body is a
relatively stable function and one not easily
influenced by conditions which profoundly affect other
vital activities.
In so far as the Serum reactions are concerned there
is thus little evidence of a rupture in the defence
meohanian of the body, as the result of a diet deficient
in vitamin C. Attention was therefore directed to
the cellular reaction to infection in scorbutic
animals, especially as histological studies ha&
previously shown that there were definite lesions in
the bone marrow as the result of a deficiency of the
anti-scorbutic factor. For this investigation
guinea-pigs with chronic scurvy were along employed.
* •
When animals are suffering from acute scurvy their
hold on life is in any case so precarious that it is
almost impossible to determine whether their death is
due to thb bacterial infection or to the scurvy. To
guinea-pigs suffering from chronic scurvy this
objection does not apply. Hbqperiments were therefore
carried/
carried out on control animals and on thos e with
ohronic scurvy with the following organisms, viz.
pneumooocsous, staphylococcus^ aureus, bacillus coli
and streptococcus haemolytieils. The two points to
which special attention was directed are?—
(1) the number of organisms and the time required to
produce a fatal result.
(2) the cellular reaction to the infection as shown
by changes in the blood and haemopoietic organs.
Technique.
The animals employed for these experiments were all
placed on the standard diet of oats and bran ad libitum
with the addition of a daily ration of 70 o.cs of
autoclaved milk. In the case of the scorbutic
animals 2 o.cs of orange juice were given every third
day, while the control animals received 10 c.cs per
day. She scorbutic animals were allowed to pass
six weeks on the diet before they were injected:!with
a suspension of the particular organism under
investigation. In the case of the pneumococcus
two sets of controls were employed (1) animals of the
same weight at the beginning of the experiment, which
as the result of a full diet had grown normally, and
(2) animals of the same weight as the scorbutic ones
at the time of injection. As a rule therefore the
scorbutic animals were older than the controls in the
s ec ond/
second group, a point which may possibly he of some
importance since Sudmersen and Glenny (1909 ) have
shewn that the susceptibility to diptheria toxin of
guinea-pigs of constant weight varies inversely as
their age. All the inoculation experiments were
carried out during the winter of 1921-22. The
organisms for in^bctibn 'were in each case grown on a
suitable solid medium for twenty-four hours; they
were then washed off with normal saline and a
suitable dose was calculated by the opacity method by
comparison with suspensions of barium sufchate.
(a) Pneumoc oc ous.
As is well known the susceptibility of different
species of animals to infection with the pneumococcus
varies very considerably. Is/lice are the most susceptible
then in order of decreasing susceptibility come
rabbits, rats, sheep, guinea-pigs and dogs. Pigeons
are said to be immune. As a rule the more
susceptible animals die from a pneumococcal
septicaemia while in the less susceptible species the
local lesion is of greater severity than the general
reaction.
The strain of paaumococous used in the present
experiments belonged to type II. It was originally
isolated from a case of pneumococcal meningitis, but
had been grown for some weeks on artificial media,




In this expe riment twelve guinea-pigs suffering from
ohronic scurvy were inoculated intraperitoneally
with from 500 to £000 million pneumooocoi. Twelve
normal guinea-pigs of the same age as the scorbutic
but of heavie r weight and twelve younger guineaftpigs
of the same weight were also inoculated intraperitoneal
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Sxpe riment 11.
Twelve guinea-pigs, four of them with ohronio scurvy
and eight controls were inoclulated under the skin
of the abdomen. The controls as in experiment 1 were
divided into two groups according to age and weight.
Table T
rfftc elfecfs Subcciariccus
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A study was also made of the changes in the leucocyte
count following the intraperitoneal injection^off
penumooocoi. Both in the scorbutic and control
animals there was a marked leucopeuia immediately
following the injection. This persisted for about
six hours in the animals that survived for more than
three days and was then followed by a leuoooytosis.
In those cases where the animal died from pneumococcal
septicaemia in a few hours the leuoopeuia persisted up
till death, while in the case of animals, such as
guinea-pig 21) which died of an extensive penumococcal
peritonitis after nine days, the leuoocytosiswis
followed by a second leucopenia. leucocyte counts
of typical animals are seen in fable VI.
Table H,
No. oi- CouVih«n B<j
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There thus appear to be two forms of leuoopeaia, a *
primary form which occurs immediately after the
injection of organisms whether this injection be
subcutaneous, intravenous or intraperitoneal, and a
secondary foam which occurs at a later stage of the
disease and usually portends a fatal result. The
primary/
primary form appears to be due to a rearrangement of
the leucocytes in the circulation, while the secondary
form is indicative of a failure on the part of the
bone marrow to react to infection. In the case of
intravenous and intraperitoneal injections of
organisms it is of importance to remember that bacteri
reach the bone marrow a very short time after their
injection. If these organisms persist in the marrow
their preseno^iaturally tends to interference with the
occurrence of a leucocytosis in the peripheral blood
stream. These experiments show that when small doses
of pnaumocoooi - 500 million - guinea-pigs, both
healthy and scorbutic animals show little or no
difference in their powers of resistance, since death
only took place in one out of four scorbutic animals
and in two out of eight control animals. Guinea-pigs
Jo. 1 (scorbutic) llos. 5 & 9 (non-scorbutics) which
were killed fifteen days after the injection showed
no signs of peritonitis. Cultures from the surface
Df the peritoneum were in every case sterile, while
smears examined microscopically showed only a few
mononuclear cells in various stages of degeneration.
More striking results were obtained with animals
injected intraperitoneally with 1000 million
pnaumooocci. The four scorbutic animals only
survived for an average period of 2.6 days while of
the non-scorbutic guinea-pigs, one survived while the
other eight died in an average of 8.4 days. In the
soorbutic/
scorbutic animals the exudate into the peritoneal
cavity consisted only of a little serous fluid while
in the control animals there were dense yellowish
flakes of fibrin on the peritoneal surface. Jn the
scorbutic animals death was thus essentially due to
a pneumococcal septicaemia, very similar to that
which occurs in the mouse, while in the control
animals death was associated with the presence of a
well marked peritonitis.
A study of the differential leucocyte counts was also
of some interest in this connection.
Table W
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In the scorbutic guinea-pig Ho.16, degenerative
changes in the leucocytes were met with on the second
day after inoculation while in the control Ho. 20
they did not appear till the fifth day after
inoculation. These degenerative changes in the
polymorphs consist of a swelling up and disintegration
of the nuoleiswhile the protoplasm becomes vacuolated
and the granules lose their characteristic staining
reactions. The appearance of myelocytes immediately
befcr e death is of interest since Tongs(j(j»|as the result
of a recent study of the effects of hemolytic
streptococci on the blood and haemopoietic organs of
rabbits has come to the conclusion that the occurence
of a leuoopeuia coupled with the presence of
myelocytes in the peripheral blood stream is of very
grave importance. In the scorbutic animals which
suffered from pneumococcal septicaemia leucocytes
with rather thick rod-shaped nuclei made their
appearance in considerable numbers in the peripheral
blood stream on the second day after the injection,
while in the control animals they were not noticeable
in the peripheral circulation in anything like the
same numbers until the fourth or fifth day. Brugsh
ak
end Schilling (1908) consider the presence of these
^olymorpho-nuclear cells with rod-shaped nuclei to be
fery characteristic of acute pneumonic infections.
;:n order still further to compare the effects of the
fineumooaxal/
34.
pneumococcal infection in scorbutic and control
animals two of the latter were injected intraperitoneally
with doses of 100 million pneumococci. They were
killea on the third and fourth day after injection.
On examination the peritoneal exudate was more
extensive in the control than in the scorbutic
animals. Ho evidence of phagocytosis of pneumococci
was seen either in scorbutic or control animals,
though not infrequently a polymorphonuclear leucocyte
would be seen surrounded by a ring of pneumooocoi.
In both the scorbutic and control animals the spleen
was moderately enlarged, deeply congested, soft and
friable. Microscopically there was consid erable
hyperplasia of the endothelial cells lining the sinuses.
The ohanges in the bone marrow in the scorbutic and
in the control animals killed at the same time after
injection showed that in the scorbutic animals dying
from pneumococcal septicaemia there was a very
moderate reaction on the part of the leucoblastic
oells, as shown in Fig.y*fc . in the control animals
on the other hand the reaction was very active; there
was practically no fat to be seen in the bone marrow.
In the control animals inoculated with pneumoooeci
and then killed on the third and fourth day after
injection, no degenerative changes were noted in the
myelocyte series of cells, but in the scorbutic
animals with pneumococcal septicaemia the
degenerative changes were well seen. In the myelocytes
the/
the protoplasm was more granular than usual, while
karryoxhexis, karyolysis, vacuolation or even complete
disappearance of the cytoplasm were all well seen.
The giant cells, though not decreased in numbers,
shewed an irregular distribution of the nuclear
chromatin which though sometimes apparently increased
in amount was usually split up into irregular streaks
or masses. In all those scorbutic animals which had
died of pneumococcal septicaemia the heart muscle was
found to show well marked fatty degeneration. Heithe
of the two control animals killed on the third and
fourth day showed any evidence of fatty change in the
myocardium. When desss of 2000 million pneumocooci
aere injected intraperitoneally death took place in
all the guinea-pigs, both scorbutic and control.
The scorbutic animals, however, died in an average of
2.25 days, while the controls survived for an average
period of 6.4 days. In regard to the amount of
exudate into the peritoneal cavity there was, however,
in the majority of cases very little to choose between
the scorbutic and the control animals.
Somewhat analogous results were obtained after sub¬
cutaneous injections of pneumooocci. When inoculated
with 1000 million pneumocoeoi subcutaneously^ all the
soorbutic animals died in an average of 6.75 days,
while of the controls only three out of eight died in
an average period of 7.2 days.
*
These experiments with pneumooocous, though they
require/
36.
require to foe oarried out on a far more extensive
scale before absolutely accurate results can foe
obtained, nevertheless tend to show that the
scorbutic animal is as capable as the healthy animal
of dealing with small numbers of pneumooocci. When
the dose of pneumococoi is somewhat larger, i.e. 100
million, the resistance of the scorbutic animal
breaks down more rapidly than that of the control.
The scorbutic animal dies from an acute pneumococcal
septicaemia, while the healthy animal dies after a
somewhat longer period of time with a localised
pneumococcal septicaemia. With still larger doses,
i.e. 2000 million, the resistance to the organism
breaks down with about equal rapidity in healthy
and scorbutic guinea-pigs. Unfortunately the method
by which the tissues resist the attacks of pneumocaccu
is at present uncertain, the exact method of
pneumococcal infection is still unknown. There is,
however, some evidence to show that a toxs&«d*i may be
at work. Though attempts to isolate intracellular
toxins from the pneumococcus have not been very
5>1
satisfactory, Cole (1921) has recently claimed to have
obtained a toxin with specific affects by lysing the
tmeumooooci with bile. The results which he obtainsay injecting the toxin intravenously into guinea-pigs
are, however, too uncertain for any accurate quantitative
work to be oarried out. The rapidity with which fatty
degeneration appears in the heart muscle and Regenerative
changes/
2®.
changes occur in the bone marrow in scorbutic animals
suggests either that these organs are more susceptibly
to the action of pneumococcal toxin or that the
amount of pneumococcal toxin present in the blood was
in excess of that present in the blood of healthy-
animals similarly injected. In this connection it is
3S
of interest to note that Hosenow (1912) claims to have
shown that the susceptibility of guinea-pigs to the
action of toxins is increased by starvation.
It has long been reoognisect c< that whatever the essential
factors may be in the resistance to the pneumococcus,
th^kotivities of the leucocytes almost certainly play
a part in the process. The occurrence of a definite
leuoocytosis in pneumonia is well reccgnised clinically
as a sign of good prognosis. In man the polymorphonuclear
leucocytes in the blood would appear to have a
phagocytic action on the pneumococcus. In the dog
Tehistovitsch and Jurevitsch (1908^) have also
HO
described phagocytosis of pneumocoeoi. WadBWotfch (1912)
however could detect no phagocytosis of pneumococci
by the polymorphonuclear cells of rabbits and in this
respect the guinea-pig would appear to be similar to
the rabbit. Even in the rabbit, in which presumably
the pneumoooeci are destroyed extraoellularly, the
polymorphonuclear leucocyte plays an important role^
for Winternitz and Elaine (19Iff) have shown that in
rabbits rendered aplastic with benzol the resistance
to pneumococcal infection is greatly reduced. In
Jhronic /
chronic alcoholies the resistance to pneumonia is
usually low probably as the result of the feeble
leuoocytosis which occurs. This feeble leucoblastic
reaction is correlated with an extensive fatty
degeneration of the bone marrow caused by the prolongs
action of alcohol.
In guinea-pigs with chronic scurvy there are numerous
areas of degeneration in the bone marrow, while in
scorbutic animals dying from pneumococcal septicaemia
the leuGoblastio response is poor in comparison with
that found in healthy control animals. It is therefor
not unreasonable to conclude that the degeneration in
the bone marrow in chronic scurvy may at least be one
of the factors in producing a relative lowering of the
resistance to pneumococcal infection.
III. Staphylococcus aureus.
k laboratory strain of staphylococcus aureus which
had been grown for some months on artificial media was
nsed for these experiments. No attempt was made to
increase its virulence which was low.
Experiment 111.
Fourteen guinea-pigs of roughly the same weight, six
of which were suffering from chronic scurvy, while
eight were controls were inoculated intraperitoneally
with suspensions of the organism in normal saline.
The results are shown in the following table.
38.
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These observations show that as in the case of the
pneumocoaous,both the scorbutic and healthy control
guinea-pigs are capable of destroying considerable
numbers of staphylococci. With intraperitoneal
injections of 20,000 million staphylococci both
scorbutic animals died with marhed symptoms of
peritonitis/
40.
peritonitis, though no organisms could he cultured
from the heart blood. The peritoneal exudate
which was only moderately rich in leucocytes
contained chiefly polymorphonuclear cells and
mononuclear leucocytes in various stages of degeneration.
The spleen was enlarged and deep red in colour.
Microscopically there was evidence of a reaction to
infection.
Similar changes were found in the healthy control
animals which had received intraperitoneal injections
of 50,000 million. in the animals, both scorbutica
and control, which were hilled ten days after the
injection, smears from the peritoneal cavity showed
only the presence of a few mononuclear cells, some of
which contained the remains of partially digested
polymorphonuclear cells. The spleen was normal both
on naked eye and microscopic examination. Cultures
both from the peritoneum and heart blood were sterile.
Two other healthy guinea-pigs - Nos. 53 and 5ty, - were
also inoculated intraperitoneally with 20,000 million
staphylococci. They were killed on the 5th and 6th
days after inoculation respectively. m both there
was only a very small amount of fluid in the peritoneal
cavity and on microscopical examination the cellular
exudate was almost exclusively mononuclear in
character.
Total and differential leucocyte counts were made in
the case of all animals inoculated with the staphylococci.
The/
The findings in the case of a scorbutic animal
Ho. 42 - which di^d after inoculation with 20,000
million staphylococci are contrasted in the table
with those found in a healthy animal 4 no. 45 - which
recovered after the same treatment.
Ti\£>it JK.
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In the oase of both animals there was a primary
leucopeaia following the inoculation while later a
leuoooytosis occurred. This leucocytosis in the
case of the scorbutic animal finally gave way to a
secondary leucopeaia associated with the presence of
myelocytes in the blood stream together with dead
polymorphonuclear li^eocytes and a consid erable number
of polymorphonuclear cells with the red shaped
nuclei previously described as occurring after fatal
injections of pneumococci.
The changes in the bone marrow, of the guinea-pigs
which died as a result of the staphylococcal injections
were very similar to these described by Muir (1901)
in rabbits dying after large intraperitoneal injections
of staphylococci. The leucoblastic reaction in the
bone marrow was only moderate in amount and much less
marked than in the control animals inoculated with the
same number of organisms. in the bone marrow of
the control animals - Bos. 55 and 56 - there were no
signs of degeneration in the leucoblastic cells, while
the scorbutic animals showed definite evidence of
degeneration both in the myelocytes and in the
megakaryocytes. In one of the scorbutic animals
which died from the staphylococcal infection the heart
showed marked fatty degeneration.
These experiments though less extensive and less
suggestive than those with the pneumococcus nevertheless
tend to confimi the suggestion that the scorbutic
guinea/
guinea-pig is more susceptible to the action of
injecfh:ion
bacterial than the healthy animal.
III. Streptococcus haemolyticus.
A strain of hemolytic streptococcus obtained from
the lister Institute was used for the injections in
this exp eriment.
Experiment (IV).
The injections were all given intraperitoneally.
Ten scorbutic guinea-pigs and ten healthy controls of
roughly similar weight were employed. Th_e results
obtained as shown in the following table:-
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As in the case of the pneumococcus and staphylococcus,
the lov.ering of the resistance to the streptococcus
due to the scorbutic condition was very slight. The
results obtained with injections of 100 and £00
million were identical both in the scorbutic and
healthy animals. With doses of 500 million however
the scorbutic animals died while the controls recovered
For comparison with the scorbutic animals two healthy
guinea-pigs - Hos. 75 & 76 - were inoculated
intraperitoneally with 500 million streptococci and
were then killed on the third and fourth days after
the inoculation. A point of some interest in the
post mortem examination of the scorbutic guinea-pigs
dying from streptococcal peritonitis was the number
of petecchial haemorrhages, which were found on the
surface of the peritoneum, pleura and round the knee
joints. These haemorrhagic foci were all quite
recent. As was previously mentioned in discussing
the pathological changes in chronic scurvy, it is not
common to find numerous haemorrhages in the chronic
form of the disease in the guinea-pig. The se
haemorrhagic foci must therefore in all probability
be looked upon as being due to the action of the
-V
streptococcal toxin on the endothelium already
weakened by the deficiency of vitamin 0. Whereas
C '
.all the scorbutic guinea-pigs whihjH died from the
A
effects of the streptococcus showed these haemorrhage
only one of the controls - uo. 72 - showed a few
haemo rrhagic/
haemorrhagio foci in the peritoneum. The changes in
the peripheral blood stream were very similar to those
described in the case of the pneumococcus and
staphylococcus. One of the scorbutic animals - Ho. 61
showed a very extensive gelatinous degeneration of the
bone marrow, which though in part due to the chronic
deficiency of vitamin G was largely due to the action
of the streptococcus. The reaction of the bone
marrow in guinea-pigs Bos. 59 and 60 was much less
than that in the healthy animals - Bos. 75 and 76 -
which also received an injection of 500 million
streptococci, while the degenerative changes in the
bone marrow were also far more evident in the
scorbutic than in the controls.
(IV) Bacillus ooli.
A stock laboratory strain of bacillus coli was used
for this series of inoculations. The same technique
was used as in the previous experiments.
Experiment V.
Twelve guinea-pigs, six scorbutic and six control
animals, were inoculated intraperitoneally with varying
doses of the bacillus. The results are shown in the
following table;-
ZL
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With bacillus coli also the scorbutic animals
exhibited rather lwss resistance than the controls,
[n the scorbutic animals that died after injection with
700 million organisms there was a considerable amount
of fibrinous exudate into the peritoneal cairfty, wherea
in those animals which succumbed more rapidly the
exudate was fluid and small in amount. As in the case
of the scorbutic animals with streptococcal infection,
the scorbutic guinea-pigs with b.coli infections showed
numerous haemorrhagio areas, while the control animals
Shew ed none•
The changes in the leucocytes of the peripheral blood
stream/
stream were similar to those obtained with the other
organisms previously described.
Degenerative changes were especially well marked in
the bone marrow of the scorbutic guinea-pigs.
The result of the,pe experiments with four species of
bacteria shows definitely that guinea-pigs fed on a
diet deficient in vitamin C succumb to a smaller
infecting dose of ba.cteria than animals fed on a
complete diet. The symptoms of toxaemia are mani¬
fested more rapidly in scorbutic than in control
guinea-pigs either because the tissues, especially
the heart, are more susceptible to the action of
bacterial toxin or because in scorbutic animals more
toxin is formed by the bacteria. The definite
rupture in the defence mechanism of the body appea,rs
to be due to degenerative changes in the bone marrow
resulting primarily from the congestion and
haemorrhage present in the marrow, as the result of
a diet deficient in vitamin C. Clinically the
symptoms of chronic guinea-pig scurvy are almost
unno ticeable. It is only when a superadded bacterial
infection is present that the weakness in the
defence mechanism becomes apparent. Chronic
scurvy therefore provides another instance of the
well-known fact that degeneration in the haemopoietic
bone marrow is associated with a reduced, resistance
to bacterial infection.
11 DEFICIENCY IN VITAMIN B
and
BAGTEHIAL INFECTION.
(a) The Blood and Haemopoietic organs in Beriberi.
•*
The general histological changes in the tas sues
which result from a deficiency of vitamin B in the
food have now been so extensively investigated both
in man and in animals that any further description
would be superfluous. Nevertheless it is
surprising that up to the present very little
attention has been directed to the haemopoietic
organs and the cellular changes in the blood in
beriberi.
(1) The blood cells in man do not show any very
p.
great deviation from the normal. Fayrer (1880;
described a great diminution in the number of r ed
cells, the blood picture being not tinlike that found
in pernicious anaemia. At that time, however,
ankylostomiasis was frequently confused with
**■
beriberi. More recant work by Vedder (1913) has
shown that there is only a moderate degree of anaemia.
In sixteen cases in Europeans examined by the writer
the average number of red cells was 4,200,000 per cmm,
Vr>
while Marshall (1911) found no anaemia in six Chinese
coolies with beriberi. Polyohromatophilia and
pyknosis are not commonly found.
Very few observations have been made on the leucocytes
in human beriberi. Findlay (1920) found the average
count/
count to be 5,500 per c.mm. The results of
differential counts obtained by different observers
vary considerably. Thus Bezanoon and lakke (1906)
oould find no marked deviation from the normal.
Takasu (1904) on the other hand found the number of
neutrophils always lower than the number of
lymphocytes. Similar results were obtained by Saltet
and legrand (1909).
SO
Mathis and Leger (1911) as the result of a prolonged
study of forty cases of beriberi in Madagascar came
to the following conclusions;-
(I) The number of neutrophil polymorphs was normal
-ffix times (64 to 69 per cent), diminished 24 times
(64 to 44.2 per cent) the average was 57 per cent.
(II) The average lymphocyte count was 26.
A possible explanation of these discrepant findings
si-
has been pointed out by Ohamberlain and Vedder (1911)
who ha.ve shown that in the tropics native races have a
relatively higher number of lymphocytes than the
inhabitants of cooler climates. Europeans, however,
after a few years residence in the tropics also tend
to show a relative lymphocytosis. it is possible
therefore that the lymphocytosis observed in beriberi
by such observers as Mathis and Leger is more apparent
than real.
Vs
Findlay (1920) found that in Europeans the differential
count scarcely deviated from the normal. The average
for/
50.
for sixteen cases was:-
Neutrophils - 64 per cent.
Lymphocytes - 25 per cent.
Mononuclears £ 8 per cent.
Eosinophils - 3 per cent.
The proportion of adult and dead to young neutrophils
was increased. The exact significance of this shift
to the right is at present unknown.
In animals suffering from beriberi there have been
comparatively few observations on the leucocytes of
the blood. A few investigations have, however, been
oarried out both on pigeons and rats fed on diets
deficient in vitamin B.
When pigeons are fed on a diet of polished rice they
develop well marked nervous symptoms within th#re€or
four weeks. A diet of polished rice is of course
deficient not only in vitamin B but in vitamins A and
0. The addition of small doses of cod liver oil and
orange juice to the polished rice dietary is however
without any effect on the occurrence of the beriberio
symptoms•
Si
MoGarrison (1921) has found that in pigeons with beribbri
there is a reduction in the number of the red cells.
Thus in control birds the range of variation was from
2,720,000 to 4,752,000 per c.mm., while in pigeons with
beriberi the variation was from 1^232,000 to 3,452,000
per c.mm. The average for control birds was 3,599,733
per c.mm as compared with 2,763,500 per c.mm in diseased
birds/
"birds. Ho marked diminution or alteration in the
proportion of the white oells could be definitely
established in the pigeons suffering from beriberi.
These observations have been confirmed by observations
on ten control and ten beriberio pigeons. in the
controls the range of variation was from 2,440,000 to
4,950,000 per c.mm, while in beriberic pigeons it
ran from 1,540,000 to 3,870,000 per c.mm. The average
for controls was 3,724,000 per c.mm as compared with
3,050,000 per c.mm in diseased birds. Such marked
fluctuations were present from day to day in the
leucocyte counts even of normal birds that no data
of any value could be obtained either from total or
differential leucocyte counts in the pigeon.
In rats fed on a diet deficient in vitamin B very
definite changes in the leucocytes have recently been
recorded by Gramer, Mottram and Drew (1921).
According to these observers in the final stages of the
disease there is a fall in the number of lymphocytes
from an average figure of 8000 per o.mm in the normal
rat to a figure as low as 1200 per c.mm in the
beriberic animal. The polymorphonuclear lpuoocytes
are not affectea to the same extent. The blood
counts in normal rats, as found by various workers,
are shown in the following table
Table XJI
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Observations were carried out on the blood of ten
rats when actually suffering from the paralytic
symptoms produced by a diet lacking in vitamin B.
The diet on which the animals had been fed consisted
Oaseinogen 20 grs.
Starch 55 grs.
God liver oil 15 grs.
Salt mixture 5 grs.
Orange juice 5 o.os.
The salt mixture was that recommended for the
Si
nutrition of rats by McGollum and Davis (1915). Ten
control rats were given the same diet as the above
but with the addition of 5 grs. a day of autolysed
yeast/
yeastmarmite. The results obtained are shown in
the following table;-
Table he
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0 0 5 70.
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The se results largely eonfirm the findings of Gramer
and his co-workers. There is a very slight
reduction in the red cell count, the average being
6,540,000 per o.mm. There is quite a definite
reduction in the number of leucocytes, both of
lymphocytes and to a less extent of polymorphonuclear
cells, as a result of which the differential lpucocyte
count shows a great |)reponderance of polymorphonuclear
cells.
The examination of stained blood films shewed a very
large number of polymorphonucis ar leucocytes with
fragmented nuclei and with vacuolated protoplasm.
This, shifting of the index to the right in the
leucocyte picture of rats suffering from a deficiency
A.
of vitamin B has also been noted by Happ (1921). It
is similar to what occurs in human beriberi.
(11) The Bone Marrow. Practically no observations
appeared to have been made on the condition of the
bone marrow in human beriberi.
In pigeons MftCarrison (1921) merely mentions that the
bone marrow is decreased in amount in beriberio birds.
He does not, however, enter into any details as to the
exact pathological changes. An examination of the
bone marrow in pigeons dying from beriberi nevertheless
shows very definite changes. The bone marrow is
lighter in colour than the normal and on microscopical
examination there are seen to be considerable areas
in/
in which gelatinous degeneration has occurred with
the disappearance both of leucoblastic and
enythroblastic cells. She appearance of the bone
amrrow is very similar to that described by Jackson
51
(1904) as seen in the bone marrow of starved birds,
though in the beriberio birds there is rather more
congestion than in those subjected to complete
inanition.
In rats fed on a diet of casein, starch, cod liver
oil and inorganic salts, but lacking orange juice and
yeast there are seen two noticeable changes in the
bone marrow. The capillaries are intensely congested
and at certain points appear to have ruptured. At
other points there is an appearance of early gelatinoup
degeneration with a reduction in the number of the
bt>
haemopoietic cells. As MoOollum (1922) and his
co-workers have recently pointed out these changes in
the bone marrow of rats fed on diets deficient in
vitamin B are very similar to those occurring in the
bone marrow of guinea-pigs suffering from acute scurvy,,
The changes seen in the bone marrow are illustrated in
Pig. 14. . The addition of orange juice to the diet
does not prevent these degenerative changes in the
marrow so that they cannot be looked upon as being
actually caused by a deficiency of vitamin 0.
(Ill) lymphatic tissues. Thymus. In children
suffering from the infantile form of beriberi there
does/
56.
does not appear to be any marked atrophy of the thymus.
&
Thus Miura (1899) stated that the thymus is of normal
bo
size, while McLaughlin and Andrews(1910) and Andrews
(1912) in their exhaustive papers find that the
thymus is usually prominent and full while microscopically
there is possibly an increase in the cellular element^.
Hassall*s corpuscles appear normal. In infants
beriberi is an acute disease and inanition is not
markea since most of the infants seemed to be well
nourished with a fair amount of subcutaneous fat.
In pigeons there is almost complete disappearance of
the thymus as the result of a diet of polished rice,
a fact first noted by Hunk and Douglas (1914) and
5X.
later confirmed by MoGarrison (1921). Atrophy of the
thymus also occurs in hens fed on the same diet and as
hi
Findlay (1921) has shown is met with in birds
subjected to complete inanition.
In rats Gramer and his co-workers (1921) have
described a very similar atrophy as occurring jr,
rveugiadrti ©# a diet deficient in vitamin B.
Spleen and Lymph glands. In man in very chronic case
there is not uncommonly some atrophy of the spleen and.
lymph glands though in the more acute cases atrophy
bt
is not a prominent feature. Scheube (1884) found
am
s
that the spleen was usually - enlarged, while Miura (188
noted that the spleen was usually; of normal size,






rarely enlarged. Yamagiwa (1899) found a dishr.er
j&tv&sg&ac&lje increase in size in the majority of cases.
Splenic atrophy or atrophy of the lymphoid tissue
generally has not been noted in infantile beriberi.
In pigeons and hens the atrophy of the spleen and
lymphoid tissue generally is a striking feature which
is also well seen in rats.
Atrophy of- the lymphoid tissues of the body is thus
a very characteristic occurrence in experimental
animals fed on diets deficient in vitamin B. It
must however be remembrerd that in these animals
there occur very marked symptoms of general inanition
characterised by a great loss of body weight. in
man, except in very chronic cases, this loss of body
weight is not by any means constant, and in association
with this, atrophy of the lymphoid tissue is also not
a constant pathological finding.
iSvidence will be brought forward to show that
atrophy of lymphoid tissue also occurs in association
with diets, which though containing an ample supply
of vitamin B, are nevertheless deficient in some other
«
essential respect.
(b) Bacterial Infection and Beriberi.
For many years it was believed by many authorities
that beriberi was an infectious disease due to some
micro-organism. This view was based on the frequency
with which organisms were isolated either from the
blood/
■blood during life or from the tissues after death
in oases of beriberi. Through the, organismal theory
of beriberi is now af historic interest only, it is
nevertheless of importance as showing the ease with
which the tissues of beriberio animals are attacked
by bacteria. All those who have fed animals on
diets deficient in vitamin B have been struck by the
number of animals which despite the best hygenic
conditions, nevertheless die from some secondary
$%
bacterial infection, while McOarrison (1921) has
&&09 noted that monkeys fed on a diet deficient in
vitamin B #are very liable to attacks of amoebic
dysentery, although control monkeys, parasitised
with IJntamcE ba histolytica remained in good health.
In order to determine the extent of the rupture in
the defence mechanism resulting from a deficiency
of vitamin B experiments were carried out on pigeons
with the pneumococous. As is well known the pigeon
is practically immune to the action of the pneumococ ous
even wbe n introduced intrap er itoneally in relatively
enomous doses. The pneumococci have completely
disappeared from the peritoneal c avity in from three
to eight hours. The cause of this immunity has not
been satisfactorily explained, though there is some
evidence to show that the pneumocaccus rapidly dies
O
W& at 107 -108 F temperatures, which are normal for




suggestion reduced the pigeon's temperature by
subcutaneous injections of pyramidon and then injected
pneumococci intraperitoneally with the result that the
bird died in a few hours with a marked pneumococcal
peritonitis.
These expe riments .with pyramidon were repeated-. A
o
normal pigeon, with a cloacal temperature of 105.2 J
was given a subcutaneous injection of 0»45 grams of
pyramidon. Two hours and a half later when its
o
;emperature was 101.2 P it was inoculated with four
blood agar slope cultures of pneumoooccus suspended
:Ln saline. Hie pneumococcus, which was the same strain
as that used for the injections of guinea-pigs was grosn
for twenty-four hours only before injfection. The
digeonj£ died thirty-one hours later and on post-mortem
examination showed an extensive exudate into the
peritoneal cavity. The exudate which was swarming
with pneumococci contained a large number of polymorphonuclear
leucocytes. There was, however, no phagocytosis of
pneumococei going on. The pneumo coccus Was also
recovered in pure culture from the heart blood. The
administration of 0.45^ of Pyramidon subcutaneously
or the intraperitoneal injection of the same do^seof
pneumococoi is without any effect on the pigeon, as is
seen from a reference to Ghart 1U.
it is well known that one of the effects of a diet of
polished rice on birds is to produce a lowering of the
body temperature, whether by a direct action on the
central/
central nervous system or by its slowing effeot on al
metabolic processes is at present unknown. This
reduction in the body temperature begins during the
first week of the polished rice diet. Four pigeons
were placed on the polished rice until their
temperatures were reduced to between 103°- 104PF.
They were then each inoculated intraperitoneally
together with four control birds, with six blood agar
slopes of the pneumococ ous. heath took place in the
beriberic birds in from nine to thirty-six hours
after the inoculation while the control birds showed
no untoward symptoms. Hone of the birds on the
polished rice diet showed any signs of paralysis either
before or after the inoculation of pneumococci. The
temperatures of the beriberic and control pigeons are
seen in Charts ?Y - Vlll, In each instance the beriberic
birds showed a consid erable amount of exudate into
■
the abdominal c avity, while the pneumococ cus was isolated
in puru culture from the heart blood.
These experiments definitely show that diet can render
an animal susceptible to an organism to which under
normal circumstances it is entir ely immune. The
reduction in temperature would seem to be the main
factor in decreasing cfeheri ires i stance, though possibly
the degenerative changes in the bone marrow of pigeons
fed on polished trice may also play some part, since
it was noticeable that in the beriberic birds the




active than in the pigeon with its temperature
reduced by pyramidon. Further experiments are at
present being conducted on the resistance of pigeons
on a deficient diet to other specie s of bacteria,.
At present of course it is not possible to apply
these results to man though it is of interest to
note that in human beriberi the temperature is
almost always subnormal.
DEFICIENCY IN VITAMIN A
AID
BACTERIAL INFECT ION.
Daring the past few years the effects of diets
lacking in vitamin A have received very considerable
attention. Apart from its importance as a growth
factor, the laok of vitamin A would appear to he in
some way connected with an eye condition - Keratoma-
lac ia - which appears promptly when the diet is de-
*
ficient in vitamin A and disappears after the adminis¬
tration of substances containing vitamin A. Kerata.-
tomlaoia has been chiefly studied in rats fed on diets
deficient in Vitamin A. The curious thing is, how-
■
ever, that keratomalaoia only occurs in a small per
centage of animals fed on a diet lacking in this
factor. Thus, out of twenty-four young rats fed on
a diet complete in every way,except that it lacked
vitamin A, only six developed keratomlacia, which
appeared after from fifty to seventy-five days' feed¬
ing. in two of the animals the lesion was monocular
Attempts to affect the sound eye with material taken
| directly/
directly from the infected one were unsuccessful,
thus confirming the reoent experiments of Walker
(1922). Attempts were also made to infect the eyes
on
ox other rats which, though a diet deficient in vita-
A
min A, were not suffering from keratornalacia. These
experiments were also unsuccessful. From the con¬
junctival exudate there were isolated streptococci?
staphylococci and a small Gram negative "bacillus.
An exactly similar flora was isolated from the con¬
junctivae of rats on the diet lacking' in vitamin A,
but showing no eye symptoms, and from the conjunctivae
of control rats. The onset of the condition is
usually quite sudden, and prior to the appearance of
the keratomalaoia it is not possible to determine by
by -fehistological methods any changes in the cells
of the corneal conjunctiva. The earliest histo¬
logical changes consist in a proliferation of the
cells of the corneal conjunctiva, later there is
hyalinisation or necrosis of the outer layers of cor¬
neal epithelium, accompanied by an exudation of serum
and an infiltration of small round cells. According
to Wason (1921), the anterior ohamber of the eye may
be involved in advanoed oases. Keratomalacia. has
10
been recorded by Block (1917) as occurring in epidemic
form among children in Denmark, while Wells (192$)
has noted its occurrence among the famine sufferers
of/
of Roumania. In human beings, as in rats, the con¬
dition promptly. alears up on the addition of a suf-
fioient ration of vitamin A to the food. It is of
interest to note that Mellanby (19sl) has recently
noticed the occurrence of keratomalaoia among puppies
fed on a diet deficient in the " ant i-rachitis" vitamin
which may or may not be identical with vitamin A..
The majority of observers believe that keratoma-
lacia only occurs in animals or man when the diet is
deficient in vitamin A, though recently Eunk and
! Dub in (1920) have recorded its occurrence in two out
of thirty rats fed on a diet deficient in vitamin B.
eft
As Bulley (1919) has pointed out, however, it is of
importance to distinguish clearly between keratoma-
i lacia and simple eye infections, such as may occur in
I any poorly nourished laboratory animal. The same
observer has also shown that keratomalaoia in rats
'may be entirely prevented by washing out the conjunc-
tival sac with a solution of some dilute disinfectant.
i
The occurrence of keratomalacia would thus seem
dependent
to be/on at least two factors(1) a deficiency of
vitamin A in the food, and (2) the presence of'a suit¬
able bacterial flora. The question, however, arises
as to whether these two factors are really sufficient
to explain its highly irregular occurrence, since
I
kerat omalac la./
keratomalacia is not usually associated with any gen¬
eralised septioaemio process. In the rats, which in
my experiments suffered from keratomalaoia, it was
noted that in four cases, death took place within a
week of the onset of the eye symptoms and in each
case the lungs showed marked evidence of broncho¬
pneumonia.
(A)) THE BLOOD ADD HAEMOPOIETIC OBGANS IE
VITAMIN A DEFICIENCY.
Although the exact part which vitamin A plays in
the etiology of rickets oannot be at present definite¬
ly stated, there is considerable evidence to show that
cod-liver oil, which is extremely rich in vitamin A,
plays some role in the deposition of calcium salts in
cartilage. In view of the possibility of the re¬
lationship of vitamin A to rickets, it is therefore
of seme interest to compare the known facts regarding
the blood and haemopoietio organs in rickets with those
observable in the oondition resulting from a deficiency
of vitamin A.
No observations appear to have been made on the
blood of human beings suffering from keratomalacia.
In rats, however, Cramer, Mottram and Drew (1922) have
investigated the changes in the blood, spleen, and
thymus/
thymus. These authors found only a slight reduction
in the number of lymphocytes in the peripheral blood
stream, accompanied by a slight reduction in the' size
*
of the spleen and thymus. In order to investigate
this question somewhat more fully, twelve young male




Cotton-seed oil - - - 15grs.
Autclysed yeast - - - 5grs.
Inorganic salt mixture 5grs. .
while six control rats of the same age, sex and weight
were placed on a similar diet, except that cod-liver
oil replaced the ootton-seed oil.
The rats fed on the diet lacking in vitamin A
died in from 57 to 99 days. Two of them showed signs
of keratomalacia, while at the post mortem examination
these two and one other were found to be suffering
from broncho-pneumonia. These three rats were there¬
fore not included in the tables illustrating the
h'ssues
ohanges in the blood and lymphatic g&aiM&a since it
was considered probable that the blood picture might
be vitiated by the infective process. The heart
blood of the other nine rats was sterile. Particulars
| of/
bf the -red ana white oell counts are given in Table.
The blood 0 cunts here recorded were taken after the
animals had heen on the diet for a. period of eight
we eks.
In order to avoid any personal bias in making
the total and differential counts, the blood was ob-
tained by an assistant and given to me without any
knowledge on my part as to whether it came from an
animal on the control or on the deficient diet •
TABLE XIV .
showing the blood changes in rats
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33. - Vitamin A 200,0170. 4,200 54- /. 0. 4*. 3,
fy. u J, 4.(70,000 7,4.20. 42.. 0. 0 3(0. 2_.
35. If 500,000 S,6/<-0. n 0. 0. 47- 4-
3i U £ ,020,000. <5(y30. 54. /. / . 57. 5
37- u 7,2X0,000 W. si. 2. O 43. 4-
l+Z. It CjJIfOpOO, 10,1 76 . 4.4. /. 5. 50. 3.
4-3. u 7 320,000 S,6oo. 55. 0. o- 4.
Vl- " g 500,000 f+76- 50. 0. 0. 8.
u y,250,000 ysoo. 4*7 ■ /. 0. +7- 5.
73- +- UlhuYnm ft 7,456,000 s.s&o. 4.0. 3. c 54. 3.
74-• w g. 600,000 ^30. 35. 0, ■ 0. 4<j. 4.
75. (i S, 470,000 11,150. <35. /. 0. 60. 4~
74. u 7,C|30,000 7,300 32. 3. 0. . 5.
77-
u ?,i.cjo,ooo 10,250. 0, 0. 44. 7
7*- 11 7,350,000 <j,*5D. 32. /, 0. 42. 5.
It will "be seen that there is pra.otioa.lly no reduction
in the number of red oells in the peripheral blood
stream, a point of some interest since Leonard Findlay
1$
(1909) has shown that the supposed anaemia of rickets
is non-existent. The number of leucocytes is in
many cases normal, but in a few instances there is a
definite reduction, while the differential leucocyte
oount shows a decreased number of lymphocytes in the
peripheral blood strea.m. This decrease is not quite
as marked as in the case of rats deprived of vitamin
B.
The ohanges in weight in the thymus and spleen
are shown in the Table.W Both the absolute weight
of the organ is recorded and the weight of the organ
calculated per 100 grammes of original body weight.
The control animals, which, of course, had increased
in weight on the normal diet, were all killed on the
seventieth day of the experiment.
QS.
TABLE XV.
showing changes in weight in spleen and thymus
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It will be seen that there is quite a definite reduo-
tion in the size of the spleen and thymus as the
result of a diet deficient in vitamin A, though it is
not quite so well marked as on the diet deficient in
vitamin B. The reduction in the size of the spleen
and thymus- and the atrophy of the lymphoid tissues
generally as the result of a diet lacking vitamin A
has also been noted by McCallurn, Park, Shipley .Powers
and Simmonds (192^). They have furnished a possible
explanation of the discrepancies in the findings of
different workers in regard to the extent of the
lymphoid atrophy, since they have found that when rats
fed on a diet deficient in vitamin A are exposed to
sunlight, though keratomalacia may still occur,never-
i
theless their general condition remains much better
and the lymphoid atrophy is much less marked than in
similarly fed rats kept in a dark place.
Microscopic examination of the spleen and thymus
showed a reduction in the number of lymphoid cells,
while mitotic figures were very rare. In the present
state of our knowledge it is very doubtful.whether any
very acurate conclusions can be drawn from the atrophy
of the thymus since so little is known in regard to
its involution in thehealthy rat. The deorease in
the size of the spleen is, however, of importance as
indicating/
indicating the general atrophy of the lymphoid tissue.
It does not, however, appear to he possible to look
upon
/the atrophy of the lymphoid tissue as a specific re- j
suit of a deficiency of vitamin B hut rather as a -.4
change which occurs in any process of atrophy, includ¬
ing that of old age.
Examination of the hone marrow in animals fed on
a diet lacking in vitamin A has not shown the occur¬
rence of any very oonstant change. In quite a number
of cases, however, there are patchy areas of gelatin¬
ous degeneration and in two instances the gelatinous
degeneration was very widespread.
Animals living on a diet deficient in vitamin A
rarely die from a general septicaemic prooess, hut veiy
frequently from h rone ho -pneumonia. This broncho¬
pneumonia is frequently associated with the presence
of bacillus hronohisepticus in the lungs, since this
organism was present in every case examined, while in
two out of eight cases there was present in one a
pneumoo ocous, in the other a non-haemolytic strepto¬
coccus. These three organism have, however, been
isolated from the throats of apparently healthy rats
living in the animals houses of this laboratory.
The question therefore arises as to whether the
broncho-pneumonia, occurring in animals fed on a de¬
ficiency of vitamin A is not comparable to the kera-
tomalacia/
keratomalacia which appears in these animals, since,
as in the case of keratomalac ia; it is noticeable that
only a certain percentage of rats fed on this de¬
ficient diet develop broncho-pneumonia. In addition
to the deficiency of vitamin A and the presence of an
appropriate bacterial flora there may therefore be a
third factor necessary to induce the onset of the
pneumonic process.
(B) THE OPSOIIC POWERS OP THE SERUM OP ANIMALS
ON A DIET DEFICIENT IN VITAMIN A.
In order to supplement the experiments carried
out on*the opsonic powers of the serum in animals
suffering from a deficiency of vitamin C, a few ob¬
servations were carried out on the opsonio qualities
of the serum in rats fed on a deficiency of vitamin A.
The sera of four rats which had been fed for ten
weeks on a diet lacking in vitamin A was oollected
and oompared with that of four oontrol rats. The
technique used was the same as with the scorbutic
animals, the leucocytes employed being those of a
healthy control rat. The two lots of sera were
pooled before use and the opsonio activity determined
for two types of organism,-bacillus coli and staphy¬
lococcus aureus. The data are shown in Table.
TABLE/
TABLE XVI-
showing the opsonic activity of the serum of rats















Staj>ky loco ecus too. 1°[- IZQ.
/'28.
— Vihxnmn A 4
• ^. Coli, 100. 4S . 4-t. O'Jflo.
jSlajskjloeottui iOO. Sit-. is4. hs4
^ Vtlavniri A .
£>. Coll . 100. sz. n O'V] .
It will be seen that there is no significant
difference in the readings obtained with the two sera
and thus little evidence for a decrease in the opsonic
activity of the serum as therresult of a diet de¬
ficient in vitamin A.
DIETS DEFICIENT IN PROTEIN
The ohanges in the blood and haemopoietio organs.
Although during the past few years the liability
to infection of animals fed on vitamin free diets has
been especially emphasised by numerous workers, there
are/
are not wanting observations to show that other diet¬
ary deficiencies may also lower the resistance to
bacterial infection. Thus, McKay (191?) in India has
found that certain native races which live on a low
protein diet have a poor physique and succumb to in¬
fection more readily than other races which live on a
high protein diet. In the following experiments on
rats the effects were investigated of a diet deficient
in amount in protein, special attention being paid to
the ohanges in the blood and haemopoietic organs.
Twelve growing rats were plaoed on the following food
mixture in whioh only a third of the usual amount of




Cod liver oil 15grs.
Marmite 5grs.
Salt mixture 5grs.
Orange juioe 5 oao.
' Weight's e1 !Jtc nihich
As a result of this diet the rats at first re-
A /S.
njjained stationary a«al-titom began to decrease slowly Hut
Urntgtat. After four months on the diet the blood
•Si/bstequeMHy
ohanges were investigated, woia-h the animals
were killed and the weights of the thymus and spleen
recorded/
recorded. The same preo ant ions in regard to the blood
counts were taken as in the case of the animals on a
diet deficient in vitamin A.
The ohanges in the blood cells and in the weights
XVfl
of the spleen and thymus are shown in Tables and xvu!
TABLE XVlt
showing changes in the blood cells of rats









































































































In some oases there will he seen a re duo t ion in the
number of the red oells, but in the majority of oases
there is practically no asa&mie. There is, hov/ever,
«
a slight and almost constant reduction in the number
of leucocytes, when o.ompared with the controls shown
in Table %\/ ,'while the differential' leucocyte count
shows very similar changes to those observed in the
rats fed on a diet deficient in vitamin A, namely, re¬
duction in the number of small lymphocytes in the cir¬
culating blood with a corresponding rise in the per¬
centage number of polymorpho-nuolear leucocytes.
showing changes in
in rats fed on a
TABLE XVIII
weight in spleen and thymus
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As compared with those of the control animals shown
in Table XV , the weights of the spleen and thymus
are considerably reduced, thus still further tending
to prove that the lymphoid tissue undergoes atrophy
in any oondition of chronic malnutrition.
An examination of the bone marrow of rats fed on
this deficient protein ration showed in every case a
considerable degree of gelatinous degeneration associ-
•era^iro klasfrc
ated with a reduction in the number of the
and leucoblastic cells.
DISEUSSION
Natural immunity to bacterial infection is
apparently dependent on a number of factors, many of
which are at present but little understood. Although
certain animals are comparatively resistant to certain
bacteria, it is very doubtful if natural immunity is
ever entirely absolute. By some means it is usually
possible to break down the natural immunity of an ani¬
mal- to a given bacterial species,and by studying the
method by which the rupture is made valuable light is
, thrown on the defence mechanism of the body.
In dealing with immunity it is usual to regard
the body as possessing two methods of defence; the one,
due/
due to. the "bactericidal powers of the serum, is mani¬
fested by, the occurrence of. such phenomina as hacteric
lysis, agglutination, precipitin formation, opsoni
»
activity and antitoxin formation: the other is due
to the phagocytic action of certain of the "body cells
Although the actual source of bacteriolysins ,agglutin-
I
iti's, etc., is not known, there is some evidence to
show that the polymorphs -nuclear leucocytes play a ,
fart in their production. In the diseases due to
lack of vitamins, the evidence at present tends to
shov/ thatj there is no decrease in the power of agglu-
tih, complement or immune body formation nor in the
opsonic activity of the serum. This evidence must be
correlated with the fabt that there is no marked
diminution in the number of polymorph-nuclear leuco¬
cytes in the peripheral blood stream as the result of
deficiencies of vitamins A, hjand C.
In guinea-pigs suffering from chronic scurvy
there is no failure to destroy moderate doses of in¬
fecting organisms: it is only v/ith somewhat larger
doses that the scorbutic animal is unable to deal.
In other words, the scorbutic animal has less reserve
to draw upon in combating infection. Attention is,
therefore, naturally directed to the source of the
neutrophil leucocytes -=-ias. the bone marrow. Here de-.
generative/
degenerative changes were found to a greater or less
extent in all the deficiency diseases. In scurvy,
there was found in the acute sts.ge marked congestion
and haemorrhage into the hone marrow, while in the
ohronic stage the congestion had given way to fibrous
and gelatinous degeneration. It is of interest to
f
note that Firket (1921) has recently shown that a
precisely similar pathological picture is produced
in the hone marrow of rabbits by injections of
saponin. A few days after the infection there is .
found intense congestion in the capillaries of the
bone marrow. Haemorrhages occur and In a short
time are replaced by a gelatinous fibrous tissue in
which are left only a few myelocyte cells.
BLttd C
In deficiencies due to vitamins A arStd.B there
' A
are found in the bone marrow areas of gelatinous
degeneration which in some cases are very extensive.
similar gelatinous degeneration also occurs as the
result of diets deficient in protein and, as was
*1
shown by Jackson (1904), as the result of complete
starvation.
Degenerative changes in the bone marrow have
for long been associated with a diminished power of
resistance to bacterial infection. Although the
exact method by which the pneumococcus is destroyed
in/
in the human "body is unknown, it is well known that a
feeble leucoblastic reaction is of grave prognosis.
Such a feeble leuooblastic reaction occurs in those
1 whose bone marrow has undergone fatty degeneration as
the result of the long continued abuse of alcohol.
More recently, however, it has been possible to
prove experimentally that an aplastic condition of
the bone marrow is associated with a reduced resis-
tance to disease. Selling (1911) first showed that
benzol had a selective action on the haemopoietic
cells of the rabbit's bone marrow, producing in a few
days an aplastic condition. Such rabbits thus ren¬
dered aplastic by benzol were shown by Winternitz an<^
Kline (1915) to be more susceptible to pneumococcal
; infection than healthy control rabbits. Weiskoten
$
and his colleagues (1920) have also noted that rabbits
exposed to benzene vapour were far more susceptible
to bacterial infection than controls. As bearing on
the role of the polymorpho-nuclear leucocyte in the
formation of antibodies, it is of interest to note
that Hektoen (1916) found a decreased production of
antibodies in rabbits rendered aplastic with benzol
while Rusk# (1914) had shown that benzol-intoxicated
animals produced haemalysins and precipitins less
efficiently than normal animals.
In/
In determining the resistance of an animal to bac¬
terial infection, the oondition of the bone marrow is
an important factor which must thus be taken into
consideration.
Other factors , doubtless, also play a part in
reducing the resistance of an animal which has been
fed on a deficient diet. The extensive fatty de¬
generation of the myocardium found in guinea-pigs
with chronic scurvy .inoculat ed with pneumoc occus ,
suggests that the heart muscle of the scorbutic ani¬
mal may be especially susceptible to the action of
toxins. In the case of animals fed on a deficiency
of vitamin B, the lowering of the body temperature
appears to be a factor in decreasing the natural im¬
munity to certain organisms. Finally, in the case
of animals lacking vitamin A there is a curious
local reduction in the resistance of certain cells,
noticeably those of the conjunctiva and possibly also
those of the terminal bronchioles.
In the case of the deficiency diseases and bac¬
terial infeotion, Bordet (1920) would, in part at
least, appear to be correct when he states that "the
fate of the infected organism depends essentially on
the efficacy of its phagocytic defence'? Other fac¬





resistance of the animal fed on a deficient diet.
'
Much patient research is yet needed before the whole
of the drama stands revealed. As GowlamcJ Hopkins
aptly says 'TIn a oountry rich in gold observant way¬
farers ma.y find nuggets on their path, but only sys¬
tematic mining can provide the currency nations'!
In the case of the vitamins, systematic mining has as
yet but just begun.
CONCLUSIONS.
- VITAMIN C.
(1) There is no marked reduction in the cellular
elements of the blood in experimental scurvy, either
acute or chronic.
(2) The bone marrow in acute scurvy shows con¬
gestion and haemorrhage: in the chronic stage there
is fibrous and gelatinous degeneration.
(3) The opsonic power of the serum is not re¬
duced in chronic scurvy.
(4) Guinea-pigs suffering from chronic scurvy
show a slightly reduced resistance to bacterial in¬
fection, as exemplified by pneumocoocus, staphylo¬
coccus, streptococcus and bacillus coli.
VITAMIN B./
VITAMIN B.
(1) In rats and pigeons fed on a diet deficient
in vitamin B, there is a slight reduction in the
number of red cells in the blood.
(2) In rats there is a leucopenia, affecting
chiefly the lymphocytes.
(3) In rats there is marked a.trophy of the lym¬
phoid tissue.
(4) Both rats and pigeons show changes in the
bone marrow.
(5) Pigeons are rendered susceptible to infection
with the pneumoooccus by a diet of polished rice.
VITAMIN A.
flj Rats fed on a diet lacking in vitamin A show
no marked reduction in the red cells.
(2) There is, however, a leucopenia, affecting
ohiefly the lymphocytes.
(3) Rats show an atrophy of the lymphoid tissue.
(4) In some cases there is a gelatinous change
in the bone marrow.
(5) The relationship of keratomalacia and




DIETS DEFICIENT IN PROTEIN.
Rats fed on defioient protein diet show no
ansemia, hut a slight leuoopenia.
There is atrophy of the spleen and thymus.
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Pig. 7. Pig. 8





Pig. 1. Bone marrow of normal guinea-pig, showing
proportion of fat and haemopoietic cells.!
Haemat. and Eos. C.B. x 80.
Pig. 2. Bone marrow of guinea-pig with aoute. scurvy,
showing acute congestion. Maemat. and Eos.
C. B. x 80.
Pig. 3. Bone marrow of guinea-pig with ohronic
scurvy. Fibrosis. Haemat. and Eos. C.B. x80
Pig. 4. Bone marrow of guinea-pig with chronic
scurvy. Gelatinous degeneration. Haemat.and
Eos. C. B. x 80.
Plat e II.
Pig. 5. Bone marrow of normal guinea-pig with pneu¬
mococcal peritonitis: well marked leucoblastio
reaction. Haemat. and Eos. C.B. x 80.
Pig. 6. Ditto, x 250.
Pig. 7. Bone marrow of guinea-pig with chronic
scurvy and pneumococcal infection: absence of
leucoblastio reaction. Haemat. and Eos. C.B.
x 80.
Pig. 8. Ditto, x 2.50.
Plate III.
Pig. 9.
Bone marrow of guinea-pig with ohronic
scurvy and "bacillus coli infection: absence of
leucoblastic reaction. Haemat. and Eos. C.B.
x 80.
Pig. 10. Bone marrow of normal rat. Haemat. and Eos.
C. B. x 250.
Pig. 11. lone marrow of rat fed on diet lacking in
vitamin B; congestion: compare with Pig. 2.
Haemat. and Eos. C.B.
Pig. 12. Heart blood of pigeon fed on diet lacking in
vitamin B; pneumococcal septicaemia.. Thionin
blue, x 1000.
Plate IY.
Pig. 13. Bone marrow of rat fed on diet lacking in
vitamin A: area of gelatinous degeneration.
Haemat. Eos. C.B. x 250.
Pig. 14. Cornea of rat fed on diet lacking vitamin A.
Keratomalac ia.. Haemst. and Eos. C.B. x 250-
Pig. 15. lung of ra.t fed on diet lacking vitamin A.
Broncho-pneumonia. Haemat. and Eos in C.B. x80
. I
Pig. 16. Thymus of rat fed on diet lacking vitamin A,!
Commencing atrophy of lymphoid tissue. Haemat.
and Eos. C.B. x 80.
